Background The benefits of postoperative mobilization include decreased incidence of pulmonary complications, pressure ulcers, and progression of deep vein thrombosis.
Introduction
The benefits of early mobilization after surgery are well documented. These benefits include reduced risk of pneumonia, pulmonary failure, cardiovascular complications, perioperative infection, pressure ulcers, and progression of deep vein thrombosis (DVT) [1, 20, 22] . Moreover, early spinal stabilization and mobilization have been associated with an almost eightfold decreased risk of complications related to prolonged recumbency [20] . These complications include pneumonia, respiratory failure, DVT, and pulmonary embolus. For example, compared to delayed spinal stabilization and mobilization, the rates of pneumonia have been reduced from 20% to 4% [20] and the rates of pulmonary failure have been reduced from 18% to 9% [20] . However, the complexity of a spinal reconstructive procedure and the overall physiologic condition of a particular patient (eg, bone quality, medical comorbidities, and the severity of the spinal deformity) may render early mobilization unfeasible and long-term postoperative bed rest a useful adjuvant therapy, as evidenced by improvement in physical function, decreased pain, and radiographic evidence of healing [16, 18] .
Short-term bed rest is a well-documented primary and adjuvant method of treatment for spinal and musculoskeletal conditions. Two days of bed rest is usually sufficient for the treatment of acute low back pain [7] . Four weeks of postoperative bed rest reportedly improves the maintenance of sagittal alignment of patients with thoracolumbar burst fractures treated with spinal fusion and instrumentation [5] compared to spinal fusion and instrumentation with early mobilization. Moreover, some authors reported nonoperative treatment with 4 to 6 weeks of recumbence followed by mobilization with a brace was generally superior to surgical approaches in treating spinal injuries [23] . However, the potential benefits of more prolonged bed rest are unclear.
The adverse physiologic effects of prolonged bed rest on muscle and bone are also well documented. Muscle at complete rest can lose 10% to 15% of its strength per week of immobilization [9] . The muscles of the lower extremities are often the first to reveal signs of atrophy [3] , but spinal muscle atrophy is also substantial: atrophy of the multifidus and erector spinae muscles may occur after 60 days of bed rest [3] . The cross-sectional area of the multifidus decreases after 8 weeks of bed rest, which may destabilize the spine [12] . In addition, there are structural changes in bone that are directly related to the duration of immobilization. These changes are consistent with other scenarios leading to disuse osteopenia and may cause substantial cortical thinning and trabecular bone loss [24] . The reduction in bone mass may, in turn, increase the risk for pseudarthrosis. In addition to causing long-term physiologic deterioration of muscle and bone, bed rest has been associated with other systemic complications. Insulin resistance, pressure ulcers, pneumonia, thromboembolic disease, cardiac atrophy with decreased stroke volume and orthostatic intolerance, and changes in microvascular structure have all been associated with prolonged immobilization [4, 6, 9, 12, 24, 26, 28] .
We therefore investigated the efficacy of a controversial adjuvant treatment option: prolonged bed rest after major reconstructive spine surgery for patients at high risk for developing postoperative failure of spinal instrumentation, progressive deformity, pseudarthrosis, or life-threatening complications if further surgery is required to resolve these problems. Treatment efficacy was defined as successful, albeit delayed, upright mobilization without serious side effects during the period of prolonged bed rest. To determine the efficacy of prolonged postoperative bed rest as adjuvant therapy, we evaluated (1) the characteristics of the patients that led to prescribing prolonged bed rest after major reconstructive spine surgery; (2) clinical evidence of healing, ie, decreased pain and improved function;
(3) radiographic evidence of healing on plain radiographs and CT scans; (4) associated complications; and (5) estimated direct costs.
Patients and Methods
After institutional review board approval was obtained, we retrospectively reviewed the surgical records of a single fellowship-trained spine surgeon (RAWM) to identify all 11 patients treated with prolonged bed rest in the postoperative course of their therapy during the years 2005 to 2010. Prolonged (at least 2 months) postoperative bed rest was prescribed. The median age of the patients (five men, six women) was 50 years (range, 27-73 years). All patients had a minimum followup of 24 months except one patient who died of complications related to his pulmonary tuberculosis. Median followup was 30 months (range, 4-52 months). All 11 patients presented with multiple diagnoses, and six of 11 presented with neurologic deficits (Table 1) .
We evaluated the total number of previous spine operations, neurologic status, duration of bed rest, and complications. All patients were at high risk for developing progressive deformity, failure of instrumentation, or pseudarthrosis if early upright mobilization was instituted.
Seven patients were treated with a planned staged surgical approach with stages separated by a median of 4 days (range, 3-21 days) ( Table 1) . Six patients underwent a posterior spinal fusion with instrumentation with a combination of transverse and pedicle subtraction osteotomies. Five patients underwent a combined anterior and posterior instrumented fusion; of these five patients, four had a corpectomy during the anterior portion.
Bed rest was instituted immediately postoperatively. Occupational and physical therapy consultations were obtained during the period of acute postoperative hospitalization. All patients were transferred to skilled nursing facilities or in-home assisted living at a mean of 6 days (range, 2-11 days) for the duration of the prolonged bed rest. Patients were deemed clinically stable when they had normal vital signs, electrolytes, and hemoglobin without clinical signs of wound or systemic complications. Patients (as well as their caregivers) were advised to avoid supine Neurofibromatosis; dural ectasia L3, L4, L5, S1, S2 positioning during the initial 4 weeks to decrease direct pressure on the posterior wound. Use of strict log-rolling technique was prescribed; patients were allowed to raise the head of bed up to 40°during meals; and bedpans and urinals were used. To help prevent the patients' twisting and pulling with the upper extremities, overhead trapezes were prohibited. Throughout the bed rest period, each patient received mechanical DVT prophylaxis, which consisted of the use of thromboembolic deterrent (TED) hose and thigh-high sequential compression devices while in the hospital and TED hose after discharge. Venous duplex ultrasonography was ordered for all patients on Postoperative Days 3 and 14; in none of the 11 patients was DVT detected by the procedure. Three patients elected to have an inferior vena cava (IVC) filter placed postoperatively, while one patient had an IVC filter placed preoperatively. None of the patients developed symptomatic pulmonary emboli. Chemical thromboembolic prophylaxis was not routinely used. However, one patient received prophylactic warfarin (Coumadin 1 ; Bristol-Myers Squibb, New York, NY, USA) and one patient received prophylactic, subcutaneous lowmolecular-weight heparin during the bed rest period. After spine surgery, the patients were treated with a median of 3 months (range, 2-6 months) of bed rest.
All patients were instructed to proceed with upright mobilization after completing the prescribed period of bed rest: progressive periods of prolonged sitting for patients who could only be mobilized using a wheelchair and progressive periods of sitting, standing, and walking for patients who were ambulatory.
After discharge from the hospital, patients were seen at 6 weeks, 3 months, 6 months, 12 months, and 24 months postoperatively. Plain radiographs were obtained at each visit to evaluate for evidence of instrumentation failure or failure of fixation, and CT scans were performed within a week of surgery to evaluate the placement of the instrumentation and before mobilizing to detect any evidence of fusion. An interbody was considered fused if there was trabecular bone in continuity bridging between the adjacent vertebral endplates as described by Wang et al. [29] . Posterolateral fusion was determined using the classification described by Lenke et al. [15] . Patients were allowed to mobilize when either interbody fusion was identified or solid big trabeculated bilateral fusion masses (Grade A) or a unilateral large fusion mass with contralateral small fusion mass (Grade B) was identified posterolaterally. All radiographs and CT scans were independently reviewed by two of us (RAWM, RMS).
From the charts, we extracted the total number of previous spine operations, neurologic status, length of bed rest, and complications. Complications were assessed based on the classification of surgical complications as outlined by Dindo et al. [8] . We used a 10-point VAS to assess pain [18, 30] , whole-body pain diagrams [21] , and patient questionnaire [18, 30] to assess functional outcomes related to pain, narcotic use, symptoms of depression, and work status. Patients were also asked to evaluate their functional status at their latest followup compared to their preoperative levels.
We used a t-test (SPSS 1 Version 18; IBM Corp, Chicago, IL, USA) to determine differences in VAS pain score from preoperatively to last followup.
Results
All patients treated with prolonged bed rest after complex spine surgery had one or more of the following characteristics: (1) tenuous or limited fixation after correction of severe sagittal or coronal imbalance ( Fig. 1 ), (2) previously failed complex spine reconstruction with instrumentation and attempted early mobilization, or (3) limited treatment options if failure of complex spine reconstruction occurred ( Fig. 2 ). All 11 patients were at high risk for developing progressive deformity, failure of instrumentation, or pseudarthrosis if early upright mobilization had been instituted ( Table 2) .
The mean pain level decreased (p \ 0.001) at last followup compared to preoperatively: VAS 4 versus 8, respectively. At last followup, 10 of the 11 patients reported decreased pain and improved function. Nine of the 11 patients were unemployed before surgery and all nine of these patients remain unemployed. One of the patients employed preoperatively returned to work, while one patient became unemployed. All 11 patients had radiographic evidence of healing at last followup, and all maintained coronal and sagittal alignment. No patient developed failure of instrumentation or instrument fixation.
Two patients developed complications during the period of prolonged bed rest. Patient 1 had delayed union (Grade 1), and Patient 7 developed urosepsis (Grade 4). Patient 1 had a previous attempt to repair a pseudarthrosis at L5-S1 and a positive sagittal balance of 35 cm. Despite complete surgical correction of his sagittal imbalance, prolonged bed rest was prescribed because the patient previously failed complex spine reconstruction with attempted early mobilization, and there were limited treatment options if reconstruction failed again. Additionally, the potential for normal healing in this patient appeared diminished because the L5 and S1 endplates were extremely sclerotic despite aggressive endplate preparation. CT scan demonstrated delayed union of the L5-S1 anterior fusion at the 12-month followup evaluation but ultimately demonstrated fusion on CT scan at the 24-month followup. Patient 7 was initially treated with 6 months of bed rest. She developed urosepsis 11 months after her operation and subsequently developed an infection at a level adjacent to her anterior construct. This patient had progressive paraparesis and osteomyelitis secondary to methicillin-resistant Staphylococcus aureus at the time of her initial presentation. She underwent a twolevel corpectomy, with titanium mesh reconstruction and single-rod anterior spinal instrumentation from L2 to L5, and had been scheduled to then undergo a posterior spinal fusion and instrumentation. However, she sustained a hypotensive episode upon positioning in the prone position, perhaps due to volume shifting to her massive pannus protruding through the frame of the Jackson table. The hypotension resolved after the patient was returned to the supine position. Postoperative bed rest was prescribed due to the limited fixation and limited treatment options if failure of the anterior spinal fusion had occurred. This patient mobilized to a wheelchair after 6 months of bed rest. A Pseudomonas urosepsis infection then seeded the L2-3 disc space 11 months after the index operation. Anterior débridement of L2-3 and anterior spinal fusion without instrumentation were followed by posterior spinal fusion and instrumentation from T10 to the pelvis. The patient who had been followed for 4 months before he died had succumbed to complications related to an underlying tuberculosis infection. There were no documented reports of superficial or deep wound infections, DVTs, pressure ulcers, wound breakdown, or hospital-acquired pneumonia throughout the prolonged period of bed rest. One patient developed symptoms of depression during bed rest, and one had symptoms of depression preoperatively and throughout the bed rest period. Both of these patients denied symptoms of depression at last followup.
The average daily rate for a private nursing home in our region is $164 per day, while the average hourly rate for home health nursing is $34 per hour. Six of our patients completed the period of bed rest in a skilled nursing facility at an estimated median cost of $16,702; four completed it at home with the assistance of home health nursing at an estimated median cost of $5712; and one completed it at home without home health nursing.
Discussion
Prolonged bed rest has been used to treat patients with thoracolumbar fractures, scoliosis, spondylolisthesis, and tuberculosis [2, 17, 30, 31] . The use of modern spinal instrumentation has reportedly reduced the recumbency time and complications after surgery [13] . Early mobilization has also been associated with decreased likelihood of developing minor and major complications after spine surgery [20] . However, the complexity of certain spinal reconstructions and the overall physiologic condition of the patient may preclude the possibility of early mobilization.
To determine the efficacy of prolonged postoperative bed rest after complex spine surgery, we evaluated (1) the characteristics of the patients that led to prescribing prolonged bed rest after major reconstructive spine surgery;
(2) clinical evidence of healing, ie, decreased pain and improved function; (3) radiographic evidence of healing on plain radiographs and CT scans; (4) associated complications; and (5) estimated direct costs.
We acknowledge the limitations of our study. First is the lack of a comparable cohort of patients treated with early postoperative mobilization. It is thus impossible to determine whether prolonged bed rest provides improved fusion or decreased instrumentation failure, compared to early postoperative mobilization for this select group of patients. It is possible these patients may have had similar clinical improvement in function and radiographic evidence of healing if early mobilization was instituted. However, every patient in this study was deemed to be at high risk for failure of instrumentation or fusion because of the complex spinal surgery required to correct the underlying deformity or infection, combined with severe osteoporosis or poor fixation. Moreover, several patients had no other reasonable treatment options in the event of failure of this final attempt at spine reconstruction. Direct comparison of a cohort of patients treated with early postoperative mobilization seems imprudent, since the potential risks of reoperation and failure of fixation or fusion appear to greatly outweigh the potential risks of bed rest in patients who meet the inclusion criteria for postoperative prolonged bed rest. Second, we had limited methods to assess function. We used a VAS for pain, whole-body pain diagrams, and patient questionnaires to assess functional outcomes related to pain, narcotic use, symptoms of depression, and work status. However, more rigorous methodology for assessing function was not performed, which complicates direct comparison of our results to other studies. Third was the controversial use of CT scan evidence of healing before allowing mobilization. It is possible enough healing could have occurred to allow these patients to mobilize earlier; however, we believed it was prudent to continue bed rest until some evidence of bone healing was noted before mobilization.
Ordinarily, the use of spinal instrumentation should provide enough stability to allow patients to mobilize early while maintaining alignment and achieving acceptable fusion rates. The initial intent of our treatment was early postoperative mobilization. However, three primary factors contributed to our belief that early mobilization would lead to failure of the instrumentation or fusion: (1) tenuous or limited fixation after correction of severe sagittal or coronal imbalance, (2) previous failure of complex spine reconstruction with instrumentation and attempted early mobilization, and (3) limited treatment options if complex spine reconstruction failed again. All patients had one or more of these risk factors. Early mobilization after the planned complex reconstruction of the spine would have dramatically increased the likelihood of these patients developing progressive deformity, failure of instrumentation, or pseudarthrosis. For these reasons, the potential benefits of prolonged bed rest appeared to greatly outweigh the potential risks for these 11 patients. Similarly, patients with unstable fractures, high-grade spondylolisthesis, and severe tuberculosis-related kyphosis who are treated without instrumentation are more likely to develop progressive deformity, neurologic deficits, or pseudarthrosis if early mobilization is prescribed [2, 11, 13, 14, 17-19, 27, 30, 31] . The addition of modern instrumentation to the surgical treatment of these disorders has allowed us to employ early mobilization postoperatively for most patients with these disorders. However, unlike the patients in our study, most patients with these disorders have sufficient, satisfactory bone for screw purchase and sufficient fixation above and below the area of instability. Additionally, most of these patients have not experienced previous failure of surgical intervention. For these reasons, we believe our patients are different from patients previously described in the literature.
After a median of 3 months of postoperative bed rest, 10 of the 11 patients reported decreased pain and improved function at last followup. Similarly, Weinstein et al. [30] and Mumford et al. [18] reported satisfactory pain control based on VAS scores after bed rest for treatment of thoracolumbar burst fractures (Table 3 ). Mumford et al. [18] also reported 32 of 41 patients (78%) were working before treatment, while 26 of 32 patients (81%) returned to work after treatment with bed rest. However, only two of 11 patients in our study were working before surgery, and only one of these patients returned to work after surgery. These data may reflect the more complex and disabling nature of the underlying problems treated in our patients compared to patients with thoracolumbar burst fractures. The radiographic outcomes of our patients demonstrated maintenance of coronal and sagittal alignment in all 11 patients. In contrast, several authors reported the development of progressive deformity of greater than 5°of kyphosis or scoliosis after bed rest for the treatment of scoliosis, thoracolumbar fractures, and spondylolisthesis [2, 14, 18, 19, 27, 31] . All of our patients were treated with spinal fusion with instrumentation, correction of deformity, and bed rest, which may have contributed to the maintenance of postoperative alignment in these patients compared to patients in other studies who were treated with bed rest alone. Despite the well-known adverse effects of immobilization [2-7, 9-14, 16-19, 21, 23-28, 30, 31] , only a few postoperative complications were identified. One patient had radiographic evidence of delayed union, whereas four of 11 patients had preoperatively documented pseudarthrosis. All patients demonstrated radiographic evidence of healing at last followup. None of our patients experienced failure of instrumentation or failure of fixation. These findings are particularly important in view of the high risk for failure of the fixation or fusion if early upright mobilization had been instituted. These results compare favorably to the 22% (12 of 55) incidence of pseudarthrosis after radical resection, fusion, and bed rest for patients with tuberculosis as reported by the Medical Research Council [17] . Throughout the bed rest period, each patient received mechanical DVT prophylaxis, which consisted of the use of TED hose and sequential compression devices while in the hospital and TED hose after discharge. No thromboembolic events were reported in this series. However, if prolonged bed rest is planned and the patient has other underlying risk factors for thromboembolic disease, an IVC filter or chemical prophylaxis may be helpful in decreasing the risk of pulmonary emboli. In addition, no patient developed pressure ulcers or wound breakdown during the period of bed rest. This complication is avoidable if special care is taken to limit the time a patient lies directly on his or her back. The psychologic effects of prolonged bed rest are potentially detrimental to the patient's mental state. Patient 11 developed depression during the 6 months of bed rest. Although we did not identify any other reports of the development of depression during bed rest for the treatment of spinal disorders, Arkin [2] cited emotional problems and difficulty in school as two of the reasons he no longer recommends prolonged recumbency for his patients with scoliosis.
The direct costs of prolonged bed rest ranged from an estimated median cost of $16,702 for a skilled nursing facility to an estimated median cost of $5712 for home health nursing. Two of our 11 patients were employed before instituting bed rest. One of these patients remains unemployed 52 months after surgery. The other patient lost 3 months of work during the bed rest period and now works part-time.
Bed rest can be a useful adjunct to complex reconstructive spine surgery in carefully selected patients who are at high risk for failure of instrumentation with early mobilization and who have limited treatment options after such surgery. Further studies would be helpful in formulating a protocol to help reduce the potential complications associated with postoperative immobilization.
